ABSTRACT. We illustrate the value of longevity in high-latitude glaciological measurement series with results from a programme of research in the Expedition Fiord area of western Axel Heiberg Island that began in 1959. Diverse investigations in the decades that followed have focused on subjects such as glacier zonation, the thermal regime of the polythermal White Glacier, and the contrast in evolution of White Glacier (retreating) and the adjacent Thompson Glacier (advancing until recently). Mass-balance monitoring, initiated in 1959, continues to 2011. Measurement series such as these provide invaluable context for understanding climatic change at high northern latitudes, where in-situ information is sparse and lacks historical depth, and where warming is projected to be most pronounced.
INTRODUCTION
Long-term glacier records at high northern latitudes, where 21st-century warming is projected to be most pronounced, are of special value today (e.g., Fritzsche, 2010) . The aim of this short note is to summarize a set of such records from close to 80˚ N and to emphasize the value of longevity in the glaciological context with illustrative examples.
GLACIOLOGICAL MEASUREMENTS AT EXPEDITION FIORD, AXEL HEIBERG ISLAND
Measurements of glaciers around Expedition Fiord, western Axel Heiberg Island, Nunavut (Fig. 1) , began in 1959. Some of those measurement series, including massbalance measurements on Baby and White glaciers, now extend over 50 years. Both glaciers have experienced negative mass balances since the 1970s. Changes in the terminuses of White Glacier and Thompson Glacier have been studied over the same period, with an extension back to 1948 based on an early aerial photograph. A special feature of this record is the persistent retreat of White Glacier and (until some time during the 2000s) the advance of Thompson Glacier.
The International Geophysical Year of 1957 -58 triggered a surge of research activity in Canada's High Arctic islands, including the initiation of measurements on glaciers. Boon et al. (2010) report on series of measurements and research programmes on the Devon Ice Cap that now extend over more than 47 years. The work includes studies of mass balance, deep ice-cores, various aspects of icecap dynamics, and changes in the area and volume of the ice cap. Long series of measurements and studies like this, at very high latitudes, are the result of years of thoughtful persistence.
The series on Devon Island was begun by the Arctic Institute of North America 's Devon Island Expedition in 1961 (e.g., Apollonio, 1962 . In 1959, McGill University (Müller, 1961; (Müller, 1962, and see Paterson, 1994 : Fig. 2.1 ). Work on Thompson Glacier focused on its push moraine (Kälin, 1971; Moisan and Pollard, 1992, 1995) .
White Glacier became the principal glacier studied by Fritz Müller, who led the early expeditions, and by others after Müller's death in 1980 (Adams, 2007 . One of the notable studies was a deep drilling programme (Blatter, 1987; Blatter and Hutter, 1991) that demonstrated the polythermal nature of the glacier, a condition suspected from earlier measurements (Iken, 1974) of variations in glacier velocity. Ommanney (1987) compiled an exhaustive bibliography of glaciological research on Axel Heiberg Island, which was updated by Cogley (1999a) . . The two time series are strongly correlated (r = 0.90 for 30 years with measurements on both glaciers), although the mass balance of Baby Glacier is more variable than that of White Glacier, the standard deviations of the series being respectively 377 and 250 mm w.e. a -1 . Figure 3 shows the terminuses of White Glacier and its much larger neighbour, Thompson Glacier. Mapping and remote sensing have shown the markedly different behaviour of the two terminuses. Figure 3a (National Research Council, 1962). They were mapped as part of a comprehensive glacier-mapping programme (Ommanney, 1987) , which has proved to be one of the lasting contributions of the McGill expeditions. In 1960, White Glacier had a steep but easily accessible tongue, fronted by a recessional moraine. Thompson Glacier, on the other hand, ended in a steep cliff, fronted by a distinctive push moraine, a characteristic feature of advancing Arctic glaciers (Evans and England, 1991) .
The 1948 outline in Figure 3b was obtained by rectifying an early United States Army Air Force oblique air photo (Cogley and Adams, 2000) . Glacier outlines later than those on the 1960 map (including some from intervening years, not shown here) were obtained in various ways, which include the use of airborne synthetic aperture radar (1995), ground traverses, and GPS (2002 -03, 2008) . For details of methods, see Cogley et al. (1996) , Cogley (1999b) , and Hember et al. (2003) .
A striking feature of Figure 3b is the consistent retreat of White Glacier throughout the period of record and the consistent advance (until recently) of Thompson Glacier. White Glacier thinned, narrowed and retreated by about 250 m from 1948 to 1995 (Cogley et al., 1996) . During the same period, Thompson Glacier advanced by about 950 m, occupying territory formerly occupied by White Glacier. One interpretation of these contrasting behaviours is that Thompson Glacier, an order of magnitude larger than White Glacier, has a much longer response time, so that its continued advance is a response to Little Ice Age cooling. White Glacier, with a shorter response time, would have advanced to a maximum forward position at some unknown date before 1948, and it has been retreating ever since (Cogley and Adams, 2000). Alternatively-and perhaps more probably, in view of related studies elsewhere (Müller, 1969; Copland et al., 2003) -Thompson Glacier may until recently have been in a state of "slow surge." Its sinuous medial moraines offer some support for this interpretation. However, the phenomenon is not well understood, although Copland et al. (2003) showed that it is not uncommon in surging glaciers of the region. Unfortunately there are no in-situ measurements, either at the base or on the surface of Thompson Glacier, to guide further investigation.
However, the 2008 measurements in Figure 3b show that Thompson Glacier appears now to have begun to retreat. Already the distinctive cliff of its terminus is much less pronounced and in places has disappeared. This probably means that its push moraine will cease to be active.
CONCLUDING REMARKS
At the local scale, the differing responses of White Glacier and Thompson Glacier to forcing are still not understood, but we would be aware of the paradox only sketchily in the absence of photographic coverage and ground control obtained in situ. In the global context, mass-balance measurements are heavily concentrated in accessible regions that contribute little to global total glacier extent. Table 1 shows that the Canadian Arctic compares favourably for density of measurements with some other remote and extensively glacierized regions, especially considering that in Antarctica, Greenland, and the Russian Arctic there are no long time series to provide continuity and statistical confidence (Cogley and Adams, 1998) . Mass-balance records such as those from White Glacier, Baby Glacier, and the Devon Ice Cap therefore play a vital role in correcting spatial bias in the global data set (Cogley, 2009 We concur with Boon et al. (2010) that long-term measurements are essential for assessing the health of Arctic glaciers. Indeed, their assertion holds for glaciers in general. We urge that the maintenance of such valuable long-term series be given all possible support by the academic community, governments, and funders. 
